A chitosanase produced constitutively by Bacillus sp. MET 1299 was purified by SP-Sephadex column chromatography. The molecular weight was estimated to be 52 kDa by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Optimal enzyme activity was observed at a pH of 5.5 and temperature of 60°C. The purified chitosanase showed high activity on 90% deacetylated colloidal chitosan and b-glucan, but not on hydrolyzed colloidal chitin, CMC, or their derivatives. The N-terminal amino acid sequence of the enzyme was determined. The cloned full length gene, 1362 bp in size, encoded a single peptide of 453 amino acids and had a conserved amino acid sequence of glycosyl hydrolase family 8. A search of the cDNA sequence with NCBI BLAST showed homology with chitosanase of Bacillus sp. KTCC 0377BP and Bacillus sp. No. 7-M. The recombinant protein was expressed in Escherichia coli, purified using affinity chromatography and characterized.
Introduction
Chitosan, a D D-glucosamine polymer, is present in the mycelial and sporangiophore walls of many fungi and the exoskeletons of insects and crustacea [1] . This polymer can be considered a totally or partially deacetylated derivative of chitin. Chitosan and its partially hydrolyzed form, GlcN oligomers, have received much attention because of potential advantages in biomedical, agricultural, and environmental areas as a carrier of immobilized enzymes or vaccines, in metal removal, and for purification of waste water [2] . In addition, low molecular weight chitooligosaccharides have received attention because of their biological properties, including inhibition of the growth of fungi [3] and bacteria [4, 5] , antitumor activity [6, 7] , activation of immune responses [8, 9] , and eliciting phytoalexin production in higher plants [10, 11] .
Chitosanase (EC 3.2.1.132) catalyzes the hydrolysis of glycosidic bonds of chitosan. It has been found widely in fungi [12] , plants [13] , and bacteria [14] [15] [16] . A number of chitosanases from microorganisms have been known since Monaghan first reported the chitosanase in 1972. Genera found to have enzymes are Amycolatopsis, Rhodotorula [17] , Bacillus [18, 19] , Myxobacter [14] , Pseudomonas [20] , Enterobacter [15] , Matsuebacter [21] , Burkholderia [22] , Streptomyces [23] , Norcardia [24] , Fusarium [12] , Trichoderma [25] , Penicillium [26] and Aspergillus [27] . Chitosanases can be classified into three main classes according to their cleavage specificity. Class I split GlcNAc-GlcN and GlcN-GlcN bonds [28, 29] , class II split only the GlcN-GlcN bonds [30] , and class III chitosanases split GlcN-GlcNAc and GlcN-GlcN bonds [31] .
Many researchers have reported that microorganisms need chitosan to induce the production of chitosanases [1, [32] [33] [34] [35] . However, microorganisms that produce chitosanases without chitosan as an inducer have technical advantages during fermentation because chitosan has high viscosity and reacts with other compounds in the medium during heat sterilization.
We have screened bacteria producing high activity chitosanases and found a bacterial strain, Bacillus sp. MET 1299, which produces a constitutive extracellular chitosanase. This study describes the purification and characterization of chitosanase produced by Bacillus sp. MET 1299, including the cloning, expression, and nucleotide sequencing of a chitosanase gene from Bacillus sp. MET 1299.
Materials and methods

Microorganisms, plasmid and culture conditions
Bacterial strains isolated from soil in Korea were screened using chitosan-agar plates (0.5% chitosan, 0.42% (NH 4 ], 1.7% agar, pH 7.0), and a strain MET 1299 was selected as a potent chitosanase producer. For the determination of 16S rDNA sequences, chromosomal DNA was isolated using the phenol extraction method [36] . The 16S rRNA genes were amplified using polymerase chain reaction (PCR) with the universal primers fD1 (5 0 -AGAGTTTGAT-CCTCCCTCTCAG-3 0 ) and rP2 (5 0 -ACGGCTACC-TTGTTACGACTT-3 0 ) [37] . The PCR program was 94°C for 3 min followed by 35 cycles of 94°for 1 min, 59°C for 1 min and 72°C for 2 min. Following amplification, the PCR product was purified (QIAquick Gel Extraction Kit, Qiagen, Valencia, CA, USA) and sequenced with ABI PRISM TM 310 Genetic Analyzer (Perkin-Elmer, Wellesley, MA, USA). Escherichia coli
endA1 nupG] was used as the recipient strain for the recombinant plasmids. The plasmid pCR R 2.1 (Invitrogen, Carlsbad, CA, USA) was used as a cloning vector. All recombinant strains were grown at 37°on Luria-Bertani (LB) medium containing ampicillin (100 lg ml À1 ) for the production of chitosanase.
Purification of chitosanase
Bacteria were cultivated in 250 ml Erlenmeyer flasks containing 50 ml of Luria-Bertani (LB) broth at 30°C for 24 h on a rotary shaker. Bacterial cells were removed by centrifugation at 10,000g for 15 min and filtration using a 0.45 lm membrane filter (Millipore, Billerica, MA, USA). The supernatant (50 ml) was passed through a SP-Sephadex C-50 column (2.5 · 20 cm, Sigma, St. Louis, MO, USA) equilibrated with 10 mM sodium acetate buffer (pH 5.5). After washing the column with the same buffer, the adsorbed proteins were eluted with a linear gradient formed from two sodium acetate buffer solutions containing 0 and 1.0 M NaCl at a flow rate of 0.8 ml min
À1 . The active fractions were pooled, concentrated and desalted, and then used for further study. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used to check the protein purity and to determine the molecular weight of the protein as described by Laemmli [38] .
Enzyme assay
Chitosanase activity was assayed using colloidal chitosan as a substrate. The reaction mixture consisted of 0.1 ml of 1% colloidal chitosan (Funakoshi Co., Tokyo, Japan) and 0.1 ml of enzyme solution, and the mixtures were incubated at 60°C for 30 min. The reaction was stopped by boiling for 3 min, followed by centrifugation at 10,000g for 5 min. The amount of reducing sugar in the supernatant was determined by the dinitrosalicylic acid method [39] . One unit of chitosanase activity was defined as the amount of enzyme that liberated 1 lmol of reducing sugar per min with D D-glucosamine as a standard.
Analytical methods
Protein concentration was measured with the BCA Protein Kit (Pierce, Rockford, IL, USA), using bovine serum albumin as a standard. The hydrolysates of the substrate were analyzed by thin layer chromatography (TLC) as described by Kimoto et al. [40] . The developing solvent consisted of isopropanol/30% aqueous ammonia (2/1, v/v), and detected with a ninhydrin solution (0.2% in ethanol) spray.
Analysis of factors influencing enzyme activity
Enzyme activities were assayed at 10-90°C in 100 mM sodium acetate buffer (pH 5.5). The activities were also measured at pH 4-9 using 100 mM sodium acetate buffer (pH 4-5.5), 100 mM potassium phosphate buffer (pH 5.5-7), and 100 mM Tris-HCl buffer (pH 7-9) at optimum temperature. Enzyme solutions were incubated for 1 h at 10-90°C and pH 4-9 in the absence of substrate. The remaining activity was assayed at the optimum pH and temperature. 2+ and Zn 2+ , dissolved in buffer, and the activities were assayed at the optimum pH and temperature.
N-terminal amino acid sequencing
The N-terminal amino acid sequence of the chitosanase was determined using automated Edman degradation with an Applied Biosystems Model 476A-01-120 protein sequencer (Foster City, CA, USA) from the Korea Basic Science Institute (KBSI), Daejeon, Korea. The amino acid sequence was compared with others in the National Center for Biotechnology Information (NCBI) database by using the BLAST program.
DNA manipulation and PCR amplification
Chromosomal DNA was prepared using a DNA purification Kit (Promega, Madison, WI, USA). PCR amplification was performed using a DNA Thermal Cycler (GeneAmp 9600, Perkin-Elmer, Wellesley, MA, USA). Degenerated PCR primer BC1 (5 0 -TTAA-TTATCGTATCCTTCATAG-3 0 ), Mature gene primer BC2 (5 0 -GCTGCTGCAAAGGAAATGAAA CC-3 0 ), and Full gene primer BC3 (5 0 -GCATTTTAAAAG-GAGCTGACAAACC-3 0 ) were synthesized by Bioneer (Seoul, Korea). The PCR program was 95°C for 5 min followed by 30 cycles of 94°C for 50 s, 55°C for 50 s and 72°C for 1.5 min, with a final 10 min extension at 72°C. The mature chitosanase gene and the fulllength gene were amplified using two primer pairs, BC1-BC2 and BC1-BC3, respectively. The amplified full-length and mature genes were cloned into the pCR R 2.1 cloning vector (Invitrogen, Carlsbad, CA, USA).
DNA sequencing
The plasmid of the subclones was prepared for sequencing using Wizard Ò Plus SV Minipreps DNA purification system (Promega, Madison, WI, USA). The nucleotide sequence was determined at KBSI (Gwangju, Korea) using an automatic DNA sequencer on a model ABI PRISM 377 (Perkin-Elmer, Wellesley, MA, USA).
Construction of expression vector and expression in E. coli
A chitosanase expression vector was constructed using the glutathione S-transferase (GST) fusion system of the pGEX vector (Pharmacia Biotech, Uppsala, Sweden). A pCR R 2.1 vector containing the coding region of the chitosanase gene and a pGEX-4T-2 vector were digested with Eco RI, ligated and transformed into E. coli Top10 cells. Transformants were cultured at 37°C in LB medium containing ampicillin (100 lg ml À1 ) to an A 600 of 0.6-0.9 with vigorous shaking. Protein expression was induced by adding 1, 0.1, and 0.01 mM isopropylb-D D-thiogalactopyranoside (IPTG) for 24 h. Cells were harvested by centrifugation at 10,000g for 15 min.
Purification of recombinant chitosanase
The cell pellet was resuspended in 50 ml of PBS (140 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , and 1.8 mM KH 2 PO 4 ), and centrifuged at 500g for 15 min. The pellet was resuspended in 1% Triton X-100 (1 ml) in PBS, lysozyme (100 lg ml À1 ) was added, and then it was incubated on ice for 15 min. After incubation, the cells were sonicated three times at 20 Hz for 2 min in ice, and protein in the supernatant was obtained by centrifugation at 10,000g for 15 min at 4°C. The fusion protein was purified by affinity chromatography with glutathione-Sepharose 4B (Pharmacia Biotech, Uppsala, Sweden). The protein solution was filtered through a 0.22 lm filter (Millipore, Billerica, IL, USA) and applied to the column. After washing the column with PBS, the proteins were eluted with elution buffer (10 mM glutathione in 50 mM Tris-HCl, pH 8.0). The purified fusion protein was treated with 5 Units of thrombin protease (Pharmacia Biotech, Uppsala, Sweden) at 22°C for 16 h to remove the GST region. The chitosanase protein was purified by affinity chromatography as described above. To check the protein purity and determine the molecular weight of the proteins, SDS-PAGE was performed as described by Laemmli [38] . 3 ll of the crude protein (1.5 mg ml À1 ) from E. coli transformant harboring the pGEX4T-2 vector, 3 ll of the crude protein (1.5 mg ml À1 ) from E. coli transformant harboring the vector and chitosanase, 3 ll of the soluble protein (1 mg ml À1 ), 3 ll of the insoluble protein (0.8 mg ml À1 ), 5 ll of the GST-chitosanase fusion protein (0.2 mg ml À1 ), 5 ll of the GST-chitosanase (0.5 mg ml À1 ), 5 ll of the recombinant chitosanase (0.15 mg ml À1 ) and 4 ll of the native chitosanase (0.39 mg ml À1 ) were loaded on the gel, respectively.
Results
Strain properties and identification
The strain MET 1299 was a gram-positive, catalasepositive, motile, endospore-forming, obligately aerobic, indole and oxidase-negative and rod-shaped (data not shown). 16S rDNA sequence analysis showed that strain MET 1299 had high homology (P95%) with other Bacillus strains (Fig. 1). 
Production of chitosanase from Bacillus sp. MET 1299
Bacillus sp. MET 1299 produced chitosanase constitutively in LB broth without chitosan as a carbon source. The enzyme activity approached maximum (P50 unit ml À1 ) at 48 h (data not shown).
Purification of the chitosanase
Chitosanase was purified by SP-Sephadex C-50 column chromatography (Table 1) . A Coomassie bluestained SDS-PAGE gel revealed a single band with molecular weight of about 52 kDa (Fig. 2) .
General properties of chitosanase
The optimum pH and temperature were 5.5 and 60°C , respectively (Fig. 3) . Chitosanase was relatively stable at pH 5.5-9.0 and at temperatures below 60°C but was inactivated at 70°C (Fig. 4) . The rate of soluble chitosan hydrolysis was enhanced 37% and 20% by the addition of 1 mM Mn 2+ and Ca 2+ , respectively (Table  2) . However, Fe 2+ and Hg 2+ decreased the enzyme activity about 60% and 44%, respectively.
N-terminal amino acid sequence
The N-terminal amino acid sequence of chitosanase was determined as: AXXKEMKPFPQQVNY (X means undetermined amino acids). A database search for corresponding amino acid sequences was performed at the NCBI using the BLAST network service. The sequence of the purified chitosanase showed significant homology with chitosanases of other Bacillus strains (data not shown). 
Analysis of hydrolytic products
The hydrolytic products of chitosan 9B by the native chitosanase, GST-chitosanase, and the purified recombinant chitosanase were analyzed by TLC (Fig. 5) . Chitosan was hydrolyzed to (GlcN) 6 and (GlcN) 5 at the initial stage of the reaction. After incubation for 1 h, the amounts of (GlcN) 2 , (GlcN) 3 and (GlcN) 4 in the hydrolysates were increased. However, (GlcN) was not detected at the initial stage of the reaction. These results suggested that chitosanase from Bacillus sp. MET 1299 is an endosplitting-type chitosanase.
Cloning and nucleotide sequencing of chitosanase gene
Based on the N-terminal amino acid sequence, AXX-KEMKPFPQQVNY, and protein-protein BLAST database using NCBI network service, three oligonucleotide primers: BC1 (5 0 -TTAATTATCGTATCCTTCA-TAG-3 0 ), BC2 (5 0 -GCTGCTGCAAAGGAAATGA-AACC-3 0 ) and BC3 (5 0 -CGATTTTAAAAGGAGCT-GACAAACC-3 0 ) were designed. Two primer pairs, BC1-BC2 and BC1-BC3 were used to amplify DNA fragments corresponding to the coding region of the chitosanase gene. Two 1224 and 1580 bp DNA fragments were obtained by PCR amplification from genomic DNA, then cloned into the pCR R 2.1 cloning vector. The inserted DNA fragments of the plasmid pCR R 2.1 were sequenced. The complete nucleotide sequence of chitosanase from Bacillus sp. MET 1299 is shown in Fig. 6 . The nucleotide sequence revealed an open reading frame of 1363 nucleotides, starting with the initiation codon ATG and ending with termination codon TAA at position 1580. The open reading frame would code for 453 amino-acid polypeptides. The deduced 46 N-terminal amino acids showed typical features of signal peptides, such as hydrophobic amino acids. It was predicted that the ATG codon was a translation initiation site because its location was close to a possible ribosomal binding site (Shine-Dalgarno sequence).
Upstream of the start codon, a TATA box-like sequence was found.
Comparison of deduced amino acid sequence of chitosanase gene with other Bacillus chitosanases
The deduced amino acid sequence of the chitosanase from Bacillus sp. MET 1299 was compared with the sequences of other Bacillus chitosanases. The deduced amino acid sequence showed significant homology with two chitosanases and glycosyl hydrolase family 8 of Bacillus cereus ATCC 14579, Bacillus sp. KCTC 0377BP and Bacillus anthracis A2012, respectively (Fig. 7) . From the results, it is predicted that Bacillus sp. MET 1299 belongs to glycosyl hydrolase family 8 (Table 3 ) and has glucanase activity ( Table 4) .
Purification of recombinant chitosanase
The recombinant chitosanase was purified using glutathione affinity chromatography. A substantial portion of the GST-chitosanase fusion protein (M r 81 kDa) was soluble and an inclusion body was not formed. In the first step, sonicated supernatant was applied to a glutathione Sepharose column and fractionated. The eluted GST-chitosanase fusion protein was incubated with thrombin protease at 22°C for 16 h. To remove GST, a thrombin treated GST and chitosanase mixture was applied to an affinity chromatography column. The molecular weight of the purified chitosanase was estimated as 52 kDa (Fig. 8) . These results show that the enzyme corresponds to the intact gene product and was not generated by proteolytic processing.
Discussion
As was previously reported [1, 18, 22, 26, 32, 33] , the majority of microorganisms produced chitosanase by induction, while the strain used in this study produced the enzyme in the absence of chitosan as an inducer. Therefore, chitosanase from Bacillus sp. MET 1299 was constitutive. Higher productivity was obtained in the LB medium than in the chitosanae-producing medium (data not shown). A constitutive extracellular chitosanase was purified to homogeneity from the culture filtrate of Bacillus sp. MET 1299 by one-step ionexchange chromatography. Compared with other purification methods [1, 19, 28, 30, 33] , the yield and specific activity were high. This suggests that one-step, highyield purification is useful in industrial strategies. The chitosanase from Bacillus sp. MET 1299 had highest activity on colloidal chitosan 9B and efficiently hydrolyzed colloidal chitosan 8B and 7B. The fact that 85-90% deacetylated chitosan is more susceptible to hydrolysis than 65-85% deacetylated chitosan may are not essential for the catalytic action of the enzyme. Recently, Kimoto et al. [40] reported a chitosanaseglucanase bifunctional enzyme. Our enzyme also hydrolyzed colloidal chitosan as the main substrate and slowly degraded b-glucan. This chitosanase belongs to the glycosyl hydrolase family 8 and has a catalytic conserved region near the N-terminus. Analysis of the hydrolytic products showed that chitosanase is an endo-acting enzyme. We suggest that the chitosanase from Bacillus sp. MET 1299 could be used to generate chitooligosaccharides for industrial applications.
Mature chitosanase gene produced an 81 kDa protein product and the inclusion body was not formed with 1 mM IPTG induction. After treatment with thrombin protease, a fusion protein was cleaved to give GST (29 kDa) and chitosanase (52 kDa) (Fig. 8) . The purified GST-chitosanase fusion protein and recombinant chitosanase were unstable in the buffer system described above but the same hydrolytic products as native chitosanase were produced. Therefore, we suggest that the residues in the N-terminal region of recombinant chitosanase play a part in protein folding but the putative catalytic residues of the N-terminal were not affected.
The purified native chitosanase and recombinant chitosanase hydrolyzed colloidal chitosan into a biofunctional oligomer at a high-level. Therefore, this enzyme is a good candidate for biotechnological application to produce chitooligosaccharides.
